In contrast to the well established macaque monkey, little is known about functional connectivity patterns of common marmoset monkey (Callithrix jacchus) that is poised to become the leading transgenic primate model. Here, we used resting-state ultra-high-field fMRI data collected from anesthetized marmosets and macaques along with awake human subjects, to examine and compare the brain's functional organization, with emphasis on the saccade system. Exploratory independent component analysis revealed eight resting-state networks in marmosets that greatly overlapped with corresponding macaque and human networks including a distributed frontoparietal network. Seed-region analyses of the superior colliculus (SC) showed homolog areas in macaques and marmosets. The marmoset SC displayed the strongest frontal functional connectivity with area 8aD at the border to area 6DR. Functional connectivity of this frontal region revealed a similar functional connectivity pattern as the frontal eye fields in macaques and humans. Furthermore, areas 8aD, 8aV, PG,TPO, TE2, and TE3 were identified as major hubs based on region-wise evaluation of betweeness centrality, suggesting that these cortical regions make up the functional core of the marmoset brain. The results support an evolutionarily preserved frontoparietal system and provide a starting point for invasive neurophysiological studies in the marmoset saccade and visual systems.
Introduction
The neural circuitry controlling saccadic eye movements is the best understood sensory-motor system in the primate brain. The network subserving saccadic eye movements encompasses areas in posterior parietal, superior temporal, and frontal cortices, as well as subcortical brain regions (Wurtz and Goldberg 1989; Johnston and Everling 2008) . Detailed mechanistic knowledge of this system at the cortical and subcortical level comes mainly from neurophysiological studies in awake behaving macaque monkeys. These studies have not only provided the foundation for our understanding of saccade control, but have revealed, and continue to reveal, fundamental insights into the neural basis of decision making, attention, and other higher executive functions in primates. More recently, task-based and resting-state functional MRI has shown homologous frontoparietal network patterns in macaque monkeys and humans (Koyama et al. 2004; Baker et al. 2006; Ford et al. 2009; Kagan et al. 2010; Hutchison et al. 2011 Mantini et al. 2013) .
Despite their fundamental role as a nonhuman primate model for saccade control and cognition, macaque monkeys also have several shortcomings: (1) many of the key frontoparietal areas are deeply buried in sulci, making them difficult or even impossible to access laminar neural recordings and manipulations; (2) their low birth rate and long sexual maturation make it difficult to utilize transgenic approaches; (3) pharmacological studies are very expensive due to the animals' large body size. These disadvantages are not present in the small New World common marmoset monkey (Callithrix jacchus). The marmoset's fast sexual maturation, low inter-birth interval, and routinely observed chimeric twinning make it the leading candidate for transgenic primate models (Sasaki et al. 2009; Okano et al. 2012; Kishi et al. 2014; Izpisua Belmonte et al. 2015; Mitchell and Leopold 2015; Sasaki 2015) . The lissencephalic (smooth) marmoset cortex also offers the opportunity for laminar electrophysiological recordings and optical imaging in key frontoparietal areas. Further, it has been recently demonstrated that head-fixed marmosets, like head-fixed macaques, can be trained to perform visual tasks (Mitchell et al. 2014) . Thus the common marmoset holds tremendous promise as a nonhuman primate model for neuroscientific discovery (T'hart et al. 2012; Hashikawa et al. 2015; Mitchell and Leopold 2015; Miller et al. 2016) . In contrast to the macaque monkey, little is known about the functional organization of the saccade network in this species.
Here, we used ultra-high-field resting-state (RS) fMRI at 9.4 T to explore frontoparietal brain networks in lightly anesthetized marmosets through correlations of blood-oxygen-level-dependent (BOLD) signals. In the absence of explicit task demands, the correlation structure of spontaneously fluctuating BOLD signals in the low frequency range (0.01-0.1 Hz) resemble both task-evoked (Toro et al. 2008; Smith et al. 2009; Laird et al. 2011 ) and anatomical (Vincent et al. 2007; Damoiseaux and Greicius 2009; Greicius et al. 2009; Honey et al. 2009; Van Den Heuvel et al. 2009 ) connectivity patterns. Resting-state fMRI has been extensively applied to human subjects and has made important contributions to identifying normal and abnormal network patterns (Menon 2011; Raichle 2011; Buckner et al. 2013 ). Resting-state fMRI studies have also demonstrated that macaque monkeys (awake and anesthetized) exhibit a functional architecture largely homologous to humans (Vincent et al. 2007; Margulies et al. 2009; Hutchison et al. 2011; Mantini et al. 2012 Mantini et al. , 2013 Sallet et al. 2013; Miranda-Dominguez et al. 2014; Neubert et al. 2014) . In common marmosets, the first exploratory independent component analysis (ICA) of resting-state data in awake animals identified several networks, some of which were homologous with those found in humans, including the visual network, somatomotor network, and orbitofrontal network (Belcher et al. 2013) .
In the present study, ICA revealed similar network patterns as those observed in awake animals (Belcher et al. 2013 ) and extracted a distributed frontoparietal network component. To directly identify the putative frontoparietal saccade network, a seed-based analysis approach was used to examine the functional connectivity profiles of the superior colliculus (SC) and frontal eye fields (FEF) -critical subcortical and cortical components of the primate saccade system, respectively Everling 2008, 2011) . The focus of this study is the marmoset FEF, as this area and its patterns of functional connectivity are well established in both macaques and humans ). The FEF not only plays a significant role in the control of saccades but it is also involved in the covert attention (Corbetta and Shulman 2002; Moore and Armstrong 2003; Schall 2004) . However, the exact location of a putative FEF in marmosets is currently unknown since the area has not yet been investigated by electrophysiological approaches. Therefore, we initially investigated the connectivity of the SC which can easily be located on the roof of the midbrain. As a fundamental brain area of the saccadic eye movement circuitry, the SC receives extensive projections from the FEF (Leichnetz et al. 1981; Fries 1984) and thus the area with the strongest functional connectivity in frontal cortex with the SC can be designated as the putative FEF. The resulting functional connectivity pattern revealed frontoparietal network patterns that likely corresponds to the saccade network, providing a starting point for future invasive studies. For comparative purposes, we performed similar analyses on data collected from lightly anaesthetized macaques at 7 T, and awake human subjects at 3 T, to evaluate the inter-species correspondence among the identified networks. The results demonstrate overlapping network patterns between marmosets, macaques, and humans, supporting the common marmoset as an alternative primate model to the macaque for studying neural processes in the frontoparietal saccade network (Mitchell et al. 2014 ). 
Materials and Methods

Marmoset Data Acquisition
We performed resting-state fMRI scans on four lightly anesthetized male common marmoset monkeys (C. jacchus), aged 2-3 years and weighing 350-500 g. Resting-state data was acquired using a 9.4 T small animal MRI scanner equipped with a 12-cm gradient coil set of 400 mT/m strength (Agilent, Palo Alto, CA, USA). A 15-channel phased array receive coil with a 2-channel transmit coil was designed in-house for marmoset fMRI on this scanner. Positioning of the animal in the custom-built MRI bed was implemented similar to the setup presented by Belcher et al. (2013) . Each animal underwent 3 fMRI sessions. Six functional scans were acquired in each session using a 2-dimensional echo-planar imaging sequence (EPI2D) with parameters: TR = 1500 ms, volumes = 400, TE = 15 ms, and flip angle = 35°. Each functional volume comprised of 40 slices with an in-plane resolution of 0.5 × 0.5 mm and slice thickness of 0.5 mm. The field of view (FOV) was 40 × 40 mm, and the matrix size was 80 × 80. A standard whole-brain T1-weighted structural scan with 0.5-mm resolution along with a T2-weighted scan was also acquired before the functional scans. Prior to imaging session, anesthesia was induced in marmosets with 4% isoflurane in 2 l/min of oxygen in a plastic chamber. Isoflurane level was reduced to 2.5-3% for MRI preparation and further reduced to 1-1.3% during MRI acquisition, maintained throughout the scan by means of inhalation. Oxygen flow rate was kept between 2 and 2.5 l/min throughout the scan. Respiration, SpO 2 , and heart rate were continuously monitored via pulse oximeter and were observed to be within the normal range throughout the scans. Temperature was also measured and recorded throughout, maintained using warm water circulating blankets, thermal insulation, and warmed air.
Macaque Data Acquisition
For comparative purposes, a group of 12 male rhesus macaque monkeys (Macaca mulatta), aged between 4 and 8 years and weighing 7-11 kg, were also studied. fMRI data was acquired on a 7 T MRI scanner equipped with a 40-cm gradient coil set of 80 mT/m strength (Siemens, Erlangen, Germany). A 24-channel phased array receive coil with an 8-channel transmit coil was designed for macaque fMRI on this scanner (Gilbert et al. 2016) . For each monkey, 4 runs of 600 functional volumes were acquired using a 2-dimensional multiBand and EPI sequence with parameters: TR = 1000 ms, TE = 18 ms, and flip angle = 40°. Each functional volume comprised of 42 slices with a resolution of 1 × 1 × 1.1 mm. The FOV was 96 × 96 mm, and the matrix size was 96 × 96. A standard whole-brain 3-dimensional T 1 -weighted structural scan with 0.5-mm isotropic resolution and a T 2 -weighted 2-dimensional multi-slice turbo spin echo (TSE) were also acquired within the same imaging session with the same orientation as the functional scans (0.4 × 0.4 mm in plane, 1 mm slice thickness), FOV of 128 × 128, TR of 7500 ms, TE of 90 ms, and a flip angle of 120°. The anesthesia process was as follows: the animals were first sedated with 0.1-0.2 mg/kg acepromazine, followed by 7.5 mg/kg ketamine hydrochloride by intramuscular injection. Anesthetic induction was accomplished by the administration of 2.5 mg/kg propofol via an intravenous catheter in the saphenous vein. Furthermore, anesthesia was maintained with 1-2% isoflurane with oxygen (1.5-2 l/min) through endotracheal intubation and it was reduced to 1% during fMRI acquisition. Heart rate and SpO 2 were monitored throughout via a pulse oximeter and end-tidal CO 2 and respiration rate were monitored via a capnometer. Temperature was recorded before and after the scans and was maintained within the normal range using heating discs, covers, and thermal insulation. Animals received subcutaneous fluids (10 ml/kg/h) before and after the scan.
Isoflurane is a commonly used anesthetic agent in restingstate fMRI studies on rodents (e.g. Hutchison et al. 2010; Liu et al. 2011; Wang et al. 2011) as well as nonhuman primates (e.g. Vincent et al. 2007; Hutchison et al. 2011; Sallet et al. 2013) . Beyond reducing physiological stress and motion, the use of anesthesia eliminates extensive training requirements necessary for animals to adapt to the scanner environment. Anesthetics can impact resting-state functional connectivity measures through alteration of underlying neural activity or the co-occurring effects on cerebral blood flow (CBF), blood volume (CBV), and metabolic rate (reviewed in Masamoto and Kanno 2012) . Dose-dependent evaluation of isoflurane effects have been previously studied in macaques and suggested 1.0-1.5% as a suitable level in which to obtain coherent and stable patterns of distributed network activity (Hutchison et al. 2014) and as such this level was used as the safe range for both macaques and marmosets. It is important to consider that temporal and spatial features of the network architecture are likely altered compared to the awake condition though data quality will be significantly improved.
Human Data Acquisition
The human resting-state fMRI dataset used in the present study was published previously including ICA results . The data included 12 subjects (eight men, four women, average age: 26.2 years) scanned on a 3 T Siemens TIM MAGNETOM Trio MRI Scanner. For each subject, 1 run of 360 functional volumes were acquired with a T2*-weighted EPI acquisition sequence with the following parameters: TR = 2000 ms, TE = 30 ms, slice thickness = 3.5 mm, in-plane resolution = 3 mm × 3 mm, FOV = 240 × 240, matrix size = 80 × 80, and flip angle = 90°. A T 1 -weighted structural scan was also acquired with FOV of 192 × 240 × 256, TR of 2300 ms, TE of 2.98 ms, and a flip angle of 9°. The subjects were instructed to remain as still as possible and to fixate at a central location throughout the scan.
Image Preprocessing
fMRI data was preprocessed using modules contained within the FSL software package (fMRI Software Library: http://www. fmrib.ox.ac.uk). These included motion correction, slice timing correction, high-pass and low-pass temporal filtering, registration, normalization and spatial smoothing. The brain was manually extracted from skull and soft tissue using the FSL Brain Extraction Tool (BET) and the BrainSuite toolbox (http:// brainsuite.usc.edu), to be used in parts of the registration process. The averaged EPI image for each subject was registered to its corresponding anatomical image using linear and nonlinear registration methods provided in FSL. The data from individual subjects was further co-registered to the common standard brain templates in order to make it possible for higher-level within-subject and between-subject analysis. The high resolution standard brain template by Hikishmia (2011; see http:// brainatlas.brain.riken.jp/marmoset_html) was used for marmoset registration, while the F99 atlas template (Van Essen 2004; see http://sumsdb.wustl.edu/sums/macaquemore.do) was used for macaques and the standard 152-brain MNI template for humans. Data were smoothed by Gaussian blurring with FWHM value of 1.5 mm in the case of marmosets, 3 mm in the case of macaques, and 6 mm for the humans.
Independent Component Analysis
Group-level ICA was implemented using the Multivariate Exploratory Linear Optimized Decomposition into Independent Components (MELODIC: http://fsl.fmrib.ox.ac.uk/fsl/fslwiki/ MELODIC) ICA module of the FSL software package in order to extract meaningful components that can be representative of the possible resting-state networks (RSNs). ICA assumes that fMRI data consist of a set of spatially or temporally overlapping components in addition to artifactual effects (such as head motion, respiratory, and pulsation movements) that each has an independent spatial pattern and an associated timecourse. The spatial ICA algorithm aims to minimize the spatial overlap between components based on the independence of the signals. Prior to ICA decomposition the data was centered and whitened. ICA is a "model-free" algorithm that attempts to identify cortical activation patterns common to a group of voxels, rather than comparing the activation of individual voxels with a hypothesized time course, as in the seed-based analysis (Hyvärinen and Oja 2000) . However, controversy exists as to the optimal number of independent components (ICs) to extract from a data sample to best delineate human RSNs. Some studies have tried to determine an optimal number through developing a template-matching algorithm (Demertzi et al. 2014 ), but standardized approaches are lacking, particularly for nonhuman primates. Previous reports have indicated that the optimal number of ICs for nonhuman primates falls in the range of 20-30 components, which allows for detection of RSNs before fractionation occurs (Hutchison et al. 2011; Belcher et al. 2013; Mantini et al. 2013 ). In the current study, ICA was implemented seven times for each primate group, corresponding to the decomposition of the data into 5, 10, 15, 20, 25, 30, and 35 ICs to evaluate the robustness of the identification. After visual inspection, and in keeping with previous reports, the result from the extraction of 20 ICs was selected to be an appropriate representative of all meaningful components that corresponded well across the three groups. Group-level results were overlaid onto high-resolution standard brain templates and were visually inspected to identify relevant components associated with possible RSNs with reference to previously reported functional networks in macaques and humans (van den Heuvel and Hulshoff Pol 2010; Hutchison et al. 2011; 
Region of Interest Analysis
Frontoparietal networks underlying the primate saccade system were also investigated via a seed-based analysis of restingstate data. This was done on the basis of the general linear model (Wickens 2004) , provided through the FEAT (fMRI Expert Analysis Tool: http://fsl.fmrib.ox.ac.uk/fsl/fslwiki/FEAT) module of the FSL toolbox. For marmosets and macaques, the regions of interest were initially drawn on the left and right SC of the template volume image using MRIcron software (http://www. mricro.com/mricron/install.html) based on standard atlases and previous studies (Paxinos et al. 2000 (Paxinos et al. , 2012 . The lower resolution of functional data prevented us to perform a similar analysis on the human dataset. The mean time series signals of these seed regions were extracted for each monkey and regressed against the rest of the brain. This was done by using a multiple regression model of individual fMRI runs of every subject in order to find correlations among the time series of every brain voxel. This model also accounted for white matter and cerebrospinal fluid, as confound variables. A fixed-effects analysis was then implemented across all scans obtained for each subject in order to acquire a single z-statistic map of significant connectivity patterns. Finally, a group-level fixedeffects analysis was conducted to obtain functional connectivity maps across all subjects. Multiple-comparison corrections were done at cluster level by Gaussian random field theory with z > 2.3 and cluster significance: p < 0.05. As a result, a thresholded z-statistic map was obtained for the SC functional connectivity in marmosets and macaques, representing brain regions that significantly correlated with the left or right SC seed. Moreover, the putative marmoset FEF was identified as the frontal region with the largest functional connectivity with the SC as a cortical region of interest fundamental to the primate oculomotor system (Schall 2015) . Macaque FEF was located on the anterior bank of the arcuate sulcus in each hemisphere (Bruce and Goldberg 1985; Bruce et al. 2004) . A similar seed-based analysis was implemented by calculating the correlation of the FEF time series signal with all other brain voxels, resulting in FEF-connectivity maps in marmosets and macaques. In the human data, results obtained from were used, with FEF located at the junction of the superior frontal sulcus and the anterior bank of the precentral sulcus (Luna et al. 1998; Ford et al. 2005; Amiez 2006; . Multiple-comparison corrections were achieved at cluster level by Gaussian random field theory with z > 3.7 and cluster significance: p < 0.05.
Surface-based Registrations
The finalized volume-based connectivity maps resulting from the ICA as well as the final group z-score results obtained from the SC and FEF correlation analysis were further projected onto associated brain cortical surface models for each species provided through the CARET toolbox (http://www.nitrc.org/projects/caret) for surface or flat-map visualization purposes. The updated surface-based registrations that included the marmoset in addition to the macaque and human, were provided by Chaplin et al. (2013) , who reconstructed a surface-based three-dimensional model of the marmoset cortex from coronal sections using the atlas by Paxinos and colleagues (2012) . In order to achieve a more direct mean of comparing the seed-based results across species, we also projected the resulting marmoset z-statistic maps onto the macaque and human brain surface maps and vice versa using landmark-based inter-species surface registrations (Orban et al. 2004; Van Essen and Dierker 2007; Chaplin et al. 2013 ). The interspecies registration between the marmoset, macaque, and human models was implemented based on a landmark vector difference algorithm in CARET (Van Essen et al. 2001 ) and using a registration package described by Chaplin et al. 2013 (http://sumsdb.wustl.edu/ sums/directory.do?id=8294741&dir_name=Expansion). This algorithm deforms one species' spherical map to another, aligning the corresponding landmark borders after they have been projected onto their respective spherical maps (Orban et al. 2004; Chaplin et al. 2013; Mantini et al. 2013 ). Finally, a spatial correlation coefficient of thresholded z maps was calculated to quantify the degree of similarity of the obtained functional connectivity maps across species.
Assessing Functional Hubs in the Marmoset
Assessment of functional and structural brain organization has revealed that the cortex contains a small number of nodes referred to as hubs that have a disproportionately high number of connections Sporns et al. 2007; Hagmann et al. 2008; Buckner et al. 2009; Tomasi and Volkow 2011; van den Heuvel and Sporns 2013; Belcher et al. 2016) . The densely connected regions found in humans, macaques, and marmosets are topologically positioned to serve flexible and integrative roles across different functional subnetworks and enable globally efficient information flow .
To explore hub organization in the marmoset we computed the correlation matrix of 115 cortical regions within the right hemisphere defined by Paxinos et al. (2012) for every run. Fisher transformed matrices were then averaged within session, then within subject, and finally across subjects. The group average matrix was transformed back into correlation values and binarized with a threshold of r > 0.2 -values greater than this threshold indicating a connection (edge) between the regions (nodes). Betweeness centrality (BC; the number of shortest path lengths that pass through that node) was calculated using the Brain Connectivity Toolbox (BCT; http://www. brain-connectivity-toolbox.net; Rubinov and Sporns2010). To assess the probability of obtaining BC values by chance, the binarized averaged graph was rewired 10 000 times while preserving node degree distribution and values within the matrix were used to create a distribution. BC values occurring less than 5%, 1%, or 0.1% of the time in the null distribution were identified.
Results
Resting-State Networks
After the implementation of group-level ICA on marmoset resting-state fMRI data with a model order of 20, 12 components appeared to reflect physiological noise, including cardiac and respiratory artifacts, or CSF and white matter. The remaining eight components detected demonstrated considerable correspondence to possible RSNs, with visually identifiable connectivity patterns significantly overlapping with those previously described in macaques and humans ( Figs. 1 and 2 ). Identified marmoset brain networks, with their constituent brain areas determined according to the marmoset brain atlas by Paxinos and colleagues (2012) included:
-RSN 1 (Fig. 1A) : A higher order midline visual network involving visual areas V1, V2, and dorsolateral area V6. This network has been previously reported in awake marmosets (Belcher et al. 2013 ).
-RSN 2 (Fig. 1B) : A dorsal medial somatomotor network involving the anterior and posterior cingulate cortices (areas 24 and 23), primary motor area (4) as well as area 3 of somatosensory cortex. This network closely resembles a somatomotor network identified in awake marmosets characterized by connectivity between primary and secondary somatosensory areas, primary motor area, and cingulate cortex (Belcher et al. 2013) . It also significantly corresponds with dorsal somatomotor network patterns in macaques and humans, as reported in previous studies (Vincent et al. 2007; Hutchison et al. 2011; Mantini et al. 2013 ).
-RSN 3 (Fig. 1C) : A ventral somatomotor network that encompasses the primary motor cortex (area 4) and somatosensory cortex. This network, which has also been reported in awake marmosets (Belcher et al. 2013) as well as in anesthetized macaques (Hutchison et al. 2011) , corresponds well with a ventral somatomotor network in macaques and humans in the present study.
-RSN 4 (Fig. 1D ): a network encompassing the anterior cingulate cortex as well as the frontal operculum corresponding to a cingulo-operculum network in macaques and humans.
-RSN 5 (Fig. 1E ): A network involving the rostral subdivision of the dorsal premotor area 6DR, prefrontal areas 8C, 8aV, 8aD, 45, 47, and parietal areas PGM, PEC, PE, LIP, VIP, MIP, AIP, PG. A similar network was also detected in RSN studies of awake marmosets, and was designated as the default mode network (Belcher et al. 2013 ). However, our results suggest a better correspondence to a dorsal attention/control network in macaques and humans. This network has been previously reported in RSN studies of anesthetized macaques, and identified as a frontoparietal network controlling saccades (Hutchison et al. 2011 ).
-RSN 6 (Fig. 1F ): A network including the anterior cingulate cortex (area 24), anterior insula, auditory cortex, as well as area PFG and area TP. In the awake marmoset, Belcher et al. (2013) identified a very similar network with similar connectivity patterns, and they designated it as a salience-like network. Hutchison (2011) also identified a cingulo-insular component in anesthetized macaques that encompassed some of the areas identified in the present study. The network may correspond to the salience network in macaques and humans.
-RSN 7 (Fig. 1G ): A frontal pole network involving area 10, which was also distinguishable in the awake marmoset (Belcher et al. 2013) , and which could represent a fractionated portion of the marmoset default mode network.
-RSN 8 ( Fig. 2) : A basal ganglia network including, most notably, the caudate and putamen. This network was identical to that reported in awake marmosets and anesthetized macaques, with the same brain regions being functionally connected to one another (Hutchison et al. 2011; Belcher et al. 2013) . Among the RSNs identified through the group-level ICA, RSN 5 (corresponding to a dorsal attention/control network in humans (Fig. 1E) ) encompassed significant frontal and parietal brain areas. Considerable similarity is observed in the corresponding RSN 5 in these species. Both primate species show strong functional connectivity in posterior parietal cortex (including areas PGM, PEC, LIP, MIP, VIP, and AIP) and in dorsal premotor (area 6DR) and prefrontal areas (area 8 complex). This pattern overlaps with previously reported findings of FEF connectivity patterns in macaques ).
Seed-based Connectivity Patterns
To further delineate the observed frontoparietal functional connectivity patterns, this network was further investigated through seed-based analysis on volume data. Figure 4A , C display the functional connectivity of the right SC within the right hemisphere in the macaque and marmoset, respectively after being projected onto the surface maps. The results from the left and right SC seed were qualitatively very similar, but stronger for the right SC in macaque monkeys. The results revealed strong functional connectivity between the right SC and frontoparietal and temporal brain areas in both primate species. In macaques, these areas correspond with visual areas V1, V2, V3, V4 as well as medial temporal (MT) and medial superior temporal (MST) regions. Functional connectivity in temporal areas overlapped with the location of several known face patches in macaques ( Fig. 4A ; Schwiedrzik et al. 2015) . Considerable functional connectivity was observed in parietal areas surrounding the intraparietal sulcus and area PG. Within frontal cortex, strong functional connectivity was observed in areas at the anterior bank of the arcuate sulcus, which corresponds to the location of FEF. This functional connectivity pattern had considerable correspondence with the SC connectivity in marmosets, where there was also strong functional connectivity between the right SC and V1, V2, V3, V4, MT, MST, and FST. Areas 6DC, 6DR, 8B, 8aD, 8aV, 8C, and 46D were strongly functionally connected areas within frontal cortex, with the caudal portion of area 8aD at the border to area 6DR having the strongest functional connectivity, likely corresponding to the FEF in marmosets. This region was identified as area 8aD based on the anatomical distance from the anterior commissure in the volume data using the marmoset atlas by Paxinos and colleagues (2012) . The superimposed cortical borders on the surface maps also marked this region as area 8aD, overlapping with sites where Blum and colleagues (1982) were able to evoke saccades and slow eye movements in anesthetized marmosets (open circles in Fig. 5 , first panel) (Blum et al. 1982) .
Although the functional connectivity of the SC suggests that area 8aD may correspond to the FEF in marmosets, tracer studies on marmoset monkeys have suggested that area 8aV may correspond to the FEF in marmosets (Burman et al. 2006; Reser et al., 2013) . Therefore, we performed identical seed-analyses on the volume data for the voxel with the strongest functional connectivity with the SC in the posterior part of area 8aD and for a voxel in area 8aV, identified based on the volume data using the marmoset atlas by Paxinos and colleagues (2012) . Figure 4 depicts the lateral (left) and medial (right) views of the SC (first row), area 8aD (second row) and area 8aV (third row) functional connectivity z-statistic maps in marmosets projected onto the cortical surface model. The smaller cortical maps shown at the bottom left and right corners of area 8aD and 8aV maps of figure 4, represent the lateral (left) and medial (right) views of the major projections to these areas that were reported by Reser and colleagues (2013) based on retrograde tracer injections in marmosets (Reser et al. 2013) . The areas are color-coded according to the percentage of the projections found from the labeled neurons, ranging from the weakest projections shown in lighter yellow from more than 0.5% of the labeled neurons to the strongest projections represented in darker red from more than 16% of them. There was a strong correspondence of our observed functional connectivity patterns with the findings of the tracer studies regarding the afferent connections of area 8aD, reflecting a considerable agreement between the functional and structural connectivity patterns. To directly compare the functional connectivity maps of area 8aD and 8aV, we performed a higher level fixed-effect analysis with multiple-comparison corrections at a cluster level of z > 2.3 and cluster significance p < 0.05. The results show that area 8aD had significantly stronger functional connectivity with areas 8b, 6DR, 23a, 23b, 24b, 24c, 31, 29a-c, PF, TPO, TEO, V1, V2, and V6, while area 8aV had stronger functional connectivity with areas 6Va, 45, and V4 (see Supplementary Fig. 1A ). At the subcortical level, the SC exhibited significantly stronger functional connectivity with area 8aD than area 8aV ( Supplementary  Fig. 1B ). Considering the strong projections from macaque FEF to the SC in macaque monkeys, we propose that 8aD corresponds to the putative marmoset FEF.
To compare the functional connectivity of FEF between marmosets and macaques, we conducted a seed-based analysis on the volume data after seeding macaque FEF in the anterior bank of the accurate sulcus in the right hemisphere. Similar to the SC-connectivity maps, the obtained FEF maps were also visualized on flat cortical representation maps of the right hemisphere as displayed in Figure 5B , C for macaques and marmosets, respectively. In both macaques and marmosets, FEF exhibited strong functional connectivity with anterior and posterior cingulate cortex, PG, LIP, and PF as well as various areas within posterior parietal cortex. Within prefrontal cortex, strong functional connectivity was observed with area 46 in marmosets and area 9/46 in macaques. Areas 6DC, 6DR, 6Va and 8aD also showed significant functional connectivity with the seed region.
Coronal views of specific slices within the resulting SC and FEF connectivity maps depict strong functional connectivity with subcortical and cortical areas including: the SC, parietal areas LIP, PG, PFG; temporal areas MT, FST, TE2, TPO; pulvinar, amygdala, area 23b, S2E, the caudate nucleus, and frontal areas including areas 8aV, 45, and 6DR (Fig. 6) . The SC also showed functional connectivity with regions in the brain stem that overlapped with the oculomotor (3 N), trochlear (4 N), and abducens nucleus (6 N). Although a functional connectivity of the SC with oculomotor nuclei would make sense, our functional imaging resolution was too low to identify these small nuclei with certainty.
In order to further compare FEF functional connectivity across species, the marmoset functional connectivity z-statistic maps were projected onto the macaque and human brain surface, and vice versa, using the inter-species surface registrations provided in CARET (Van Essen et al. 2001; Chaplin et al. 2013) . Figure 7 displays the inter-species surface mapping of the SC-connectivity patterns in marmosets and macaques. In this matrix representation, the sources are the functional connectivity z-statistic maps of the species of interest (first row: marmoset, second row: macaque) and the targets are the cortical surface models of the species of interest that the z-statistic maps are going to be projected onto (first column: marmoset, second column: macaque). The results demonstrate a significant degree of homology for the SC functional connectivity patterns across marmosets and macaques when projected onto each other's cortical surface. However, notable differences include stronger functional connectivity of the SC with frontal cortical areas in marmosets, as compared to macaques. Similar inter-species surface-based registration was performed to compare FEF functional connectivity patterns across marmosets, macaques and humans. Figure 8 displays a similar matrix representation for projecting the marmoset (first row), macaque (second row) and human (third row) FEF-connectivity z-statistic maps as sources onto the cortical surface model of the species of interest (first column: marmoset cortical surface, second column: macaque inflated cortical surface, third column: human inflated cortical surface). The asterisk marks the approximate location of the FEF seed in each species. The resulting inter-species registrations reflect a remarkable correspondence for the FEF functional connectivity patterns across the 3 species when mapped onto each other's surface model. Areas involved in the marmoset FEF connectivity pattern correspond with similar frontoparietal brain areas in macaques and humans, and vice versa. Therefore, a very similar frontoparietal pattern of connectivity was consistently observed, supporting the existence of a well preserved frontoparietal network underlying the saccadic eye movement circuitry across New World and Old World primates. To derive a quantitative assessment of the degree of overlap between the resulting seed region connectivity maps across species, a spatial correlation coefficient was calculated based on the z-statistic maps from each species projected onto the respective surface. The thresholds were set to account for both positive and negative patterns of connectivity. The FEF-connectivity map in marmosets correlated with that of macaques at an r-value of 0.53, and 0.50 with that of humans. Macaque FEF-connectivity maps correlated with that in the human at a correlation coefficient of 0.38. The spatial z-statistic maps were further binarized, where z-scores above the threshold were set to 1 while those below the threshold were set to 0, and the spatial correlation coefficients were re-calculated. In this case, the marmoset FEF functional connectivity map correlated with that of the macaque at an r-value of 0.35, and with that of the human at an r-value of 0.22. Macaque and human FEF functional connectivity maps correlated at an r-value of 0.30. All r-values calculated were significant with p < 0.05. These cross-species findings further emphasize the existence of a homologous frontoparietal putative saccade network in marmoset monkeys.
Functional Hubs
The region-wise evaluation of BC of the marmoset cortex is displayed in Figure 9 . Of the 115 cortical areas, 14 were found to have significant BC values that indicate their position as functional hubs. These were: Area 8aD, PG, TPO, DI, TE2, area 11, LPro, 8aV, TE3, AuCPB, V4, PFG, PGA IPa, and OPAI. The regions indicates the locations at which Blum et al. (1982) were able to evoke saccadic eye movements in anesthetized marmosets using microstimulation. Note that the z-statistic maps are thresholded according to the z-score color bars provided and they differ for each map. The z-statistic maps were averaged across each group with multiple-comparison corrections achieved at cluster level with z > 2.3 and cluster significance: p < 0.05, and were projected on to the cortical surface models of macaques and marmosets Van Essen 2005) . were averaged across each group with multiple-comparison corrections achieved at cluster level with z > 2.3 and cluster significance: p < 0.05 for marmosets and macaques and z > 3.7, cluster significance: p < 0.05 for humans, and were projected onto the cortical surface models of humans, macaques and marmosets Van Essen 2005) .
and their relative "hubness" matched the pattern of cortical connectivity observed when evaluating the functional connectivity of SC and FEF.
Discussion
Anesthetized New World common marmosets have been used for several decades as subjects in electrophysiological recording studies throughout the visual system (Yeh et al. 1995; Wilson et al. 1999) . Only recently has it been shown that it is possible to record eye movements in awake behaving marmosets during visual tasks (Mitchell et al. 2014 , by adopting an experimental approach that has been successful for almost 50 years in Old World macaques (Wurtz 1968) . Combined with the marmoset's potential for molecular and genetic manipulations, and its lissencephalic cortex that allows laminar recordings in all key frontoparietal areas, this small primate is poised to become an important model not just for the study of oculomotor control, but for many areas of systems neuroscience (Izpisua Belmonte et al. 2015; Miller et al. 2016 ).
Here, we employed resting-state fMRI to compare functional networks between marmosets, macaques, and humans using the same imaging techniques and analysis approach. The aim of the present study was to evaluate whether the frontoparietal pattern of functional connectivity underlying the saccade circuitry is preserved across Old World (macaques and humans) and New World (marmosets) species, thereby identifying putative saccade-related areas in the marmoset for future invasive investigations of this circuitry.
Our ICA results demonstrate homologous RSNs between marmosets, macaques, and humans. This includes the identification of a frontoparietal RSN in marmosets that might reflect an ancestral frontoparietal predecessor to that observed in macaques and humans. Seed-based analysis of the SC demonstrated a similar functional connectivity pattern with cortical and subcortical areas between marmosets and macaques. The resolution of human data precluded accurate seeding of the SC in human subjects. However, correlation patterns of the FEF exhibited remarkably consistent patterns across marmosets, macaques, and humans. Taken together, our results strengthen the hypothesis that the strong frontoparietal functional connectivity underlying saccade control represents a preserved network among primates (Huerta et al. 1986 (Huerta et al. , 1987 Preuss 2007) , which provides a foundation for the use of marmosets as an additional model for the study of the saccade circuitry in primates.
Exploratory Analysis of RSN Homologies
The goal of applying ICA was to identify homologous RSNs between marmosets, macaques, and humans. In lightly anesthetized marmosets, ICA extracted brain networks similar to those previously described in awake marmosets by Belcher and colleagues (2013) (Figs. 1 and 2 ). This finding supports our previous work in macaques, which showed stable and robust functional connectivity patterns in the isoflurane range between 1.0% and 1.5% ). The Belcher et al. (2013) study described visual, basal ganglia, dorsal somatomotor, default-mode, salience, orbitofrontal, cerebellar, ventral somatomotor, and frontal pole RSNs that were mostly composed of connectivity between bilaterally homologous regions. A notable difference between our data and the awake marmoset study is that we found only one visual network (Fig. 1A) , whereas Belcher and colleagues reported four different networks, including a primary visual, two higher-order visual, and a higher-order midline visual network. All these four networks were included in our visual network (Fig. 1A) . Models with more components (25, 30) also did not show these four visual networks, but a model with 35 components contained left and right primary visual networks and a higher-order visual network. Another difference was that our 20 model-order decomposition did not contain a separate cerebellar network. However, such an isolated cerebellar component was present in a model with 30 components. We found several components that resembled the orbitofrontal network described by Belcher and colleagues (2013) , but we excluded these components as likely artifacts. A prominent network in our study that was absent in the Belcher et al. (2013) study is a pre-supplementary motor/anterior cingulate cortex RSN (Fig. 1D) .
The dorsal somatomotor (Fig. 1B) , ventral somatomotor (Fig. 1C) , salience (Fig.1F) , frontal pole (Fig. 1G ) and basal ganglia (Fig. 2 ) RSNs are virtually identical between the present results and the Belcher et al. (2013) study. It should be noted that the salience RSN includes area PFG, area TP, and several auditory areas and thus might also be identified as an auditory network. Belcher and colleagues identified one of their components as the default mode network (Fig. 2G , Belcher et al., 2013) , a set of distributed areas that in humans is linked to a variety of cognitive processes such as autobiographical memory retrieval, envisioning the future, and mentalizing (Buckner et al. 2008) . We identified the same frontoparietal RSN, but a projection on the flattened marmoset cortex showed that the frontal component included rostral premotor area 6DR, and prefrontal areas 8C, 8aV, 45, and 47; and the parietal component included areas PGM, PEC, PE, LIP VIP, MIP, AIP, and PG. Therefore, we believe that this component is better described as a dorsal attention network/control network, but its posterior medial parietal component area PGM is also a characteristic region of the default mode network in humans -though this region can have multiple network memberships (Leech et al. 2012) . We hypothesize that the frontal pole network may also be part of the marmoset default-mode network.
ICA of lightly anaesthetized macaques confirms and also improves the results from our first resting-state fMRI study of macaques (Hutchison et al. 2011 ). The present data show much stronger and also more distributed networks than that of our previous study. These differences are likely the result of an increased number of animals (12 versus 6), more scans per subject (4 versus 2), and most importantly, substantial technical improvements in image acquisition (8-channel transmit/24-channel receive versus a 5-channel transceive coil, 1 s TR versus 2 s TR achieved using simultaneous multi-slice imaging).
The lower-order visual and somatomotor core networks showed the largest similarities between macaques, marmosets, and humans. Both a ventral and dorsal somatomotor RSN were present in all three species. It is more difficult to identify homologies between the higher order RSNs. This is not surprising as regions within the somotomotor and visual networks are functionally isolated in humans, whereas many higher order regions (e.g. precuneus, medial prefrontal cortex, posterior parietal cortex, FEF, and lateral intraparietal areas homologues) belong to multiple RSNs in humans and are associated with a broader range of functions (Yeo et al. 2014) . Our ICA analysis in marmosets identified only one frontoparietal network (Fig. 1E , first panel), whereas the ICA in macaques identified three RSNs with frontal and parietal components (Fig.1E , second panel) plus a frontal component (Fig.1A , second panel) in one of the visual networks. More distributed networks were present in the awake human subjects, consistent with previous reports (Beckmann et al. 2005; Power et al. 2011; Yeo et al. 2011 ). In our human dataset, seven RSNs showed clear frontoparietal connectivity (third panel in Fig. 1D-G) . ICA analysis in awake macaque monkeys at 3 T (Mantini et al. 2013 ) previously identified only two (labeled as dorsal attention and DMN) frontoparietal networks, suggesting that the use of anesthesia cannot account for the differences between macaques and humans. Instead, these data suggest that RSNs may have become more distributed during primate evolution and that the single frontoparietal RSN in marmosets might have originated from an ancestral frontoparietal network prior to the divergence between New World and Old World primates 40 million years ago. This frontoparietal network might then have given rise to the multiple and partially overlapping frontoparietal networks in Old World primates that also include cortical areas outside of the frontoparietal cortices.
Functional Connectivity of the Superior Colliculus
Electrophysiological, lesion, and tracer studies have established an important role for the macaque SC in the control of saccadic eye movements. As expected based on tracer studies (Leichnetz et al. 1981; Fries 1984; Lock et al. 2003) , the SC showed positive functional connectivity with visual (V1, V2, V3, V4, MT, MST) and parietal areas (PGM, PO, PG, LIP, MIP). In frontal cortex, the SC seed showed functional connectivity with the upper arm of the anterior bank of the arcuate sulcus. Functional connectivity was also very strong with area 8B where microstimulation evokes ear and/or eye movements (Lanzilotto et al. 2013 ) and into the most anterior part of area 8aD, where the threshold for evoking neck EMG responses is lower than the threshold for evoking a saccade (Elsley et al. 2007 ). Considerable functional connectivity was also present with area 9/46D and area 46 (Fig. 4) . Cooling of this region increases reaction times and decreases velocities of contralateral pro-and anti-saccades (Johnston et al. 2013) .
Functional connectivity of the macaque SC included cortical face patch areas ML, MF, AL, AF, and also the amygdala (Fig. 6 marked by green circles, and Fig. 7 ). This finding is compatible with the notion of a subcortical face-processing system, consisting of the SC, the pulvinar, and the amygdala (Johnson 2005) . We also found functional connectivity with areas that are involved in reaching movements in primates (Wise et al. 1997; Grefkes and Fink 2005) , in particular with dorsal premotor (6DC, 6DR) and parietal cortical areas (e.g., area MIP) (Fig. 6) . These results are consistent with tracer studies and with electrophysiological studies that have demonstrated gaze-dependent reach-related neural activity in the deep macaque SC layers that is highly correlated with EMG activity of shoulder, arm, and trunk muscles (Stuphorn et al. 1999) . Recently, it has also been demonstrated that electrical microstimulation of the SC at depths (from the SC surface) of between 2600-4600 μm elicits a variety of arm movements (twitches, lifts, and extensions) in naïve animals (Philipp and Hoffmann 2014) . In a highly trained monkey, Phillip and Hoffmann (2014) observed full reaches towards a touch screen. While we found functional connectivity with reach-related cortical areas, we found negative functional connectivity in parietal area AIP and in ventral premotor cortex (area 6VC) (Fig. 6 ). These areas are functionally connected with lateral FEF (Babapoor-Farrokhran et al. 2013) and are involved in grasping movements (Sakata et al. 1995; Murata et al. 2000; Fogassi 2001; Raos 2006) .
In the marmoset, cortical neurons projecting to the SC have been identified and quantified by retrograde tracer injections in the SC by Collins et al. (2005) . The most labeled neurons (together 40%) were identified in areas V1, V2, and MT. This was followed by neurons in areas V3, V4, and FST (20%). The study also showed dense labeling in the posterior parietal cortex and 8% of the labeled neurons were located in two frontal areas that the authors identified as FEF and FV (area ventral to the FEF with inputs from MT Kaas 1990a, 1990b) ). They also reported labeled neurons in the medial wall and throughout the frontal cortex. The functional connectivity pattern of the SC we observed shows a very similar qualitative pattern as the retrograde tracer data. We found functional connectivity in V1, V2, V3, V4, MT, MST, FST, posterior parietal cortex, frontal cortex, and along the medial wall. The biggest difference is that functional connectivity in marmosets (and also in macaques) was substantially weaker in early visual areas than one would have expected from the tracer data. As in macaques, the functional connectivity of the SC likely overlapped with putative face patches in the marmoset (Hung et al. 2015) .
In frontal cortex, we found a strong cluster of functional connectivity with areas 6DR, 8B, 8aD, 8aV, 8C, and 46D. The strongest functional connectivity was in the caudal part of area 8aD, at the border to area 6DR (Figs. 4 and 6) . We hypothesize that area 8aD and not neighbouring area 8aV (Burman et al. 2006) corresponds to the FEF in marmosets. In the macaque, area 8aD lies in the anterior bank of the upper arm of the arcuate sulcus, where larger amplitude saccades are represented (Bruce and Goldberg 1985; Schall 1997) . Rosa and colleagues also suggested that the rostral part of area 6DR is involved in oculomotor control and that area 6DR plans goal-directed actions (Bakola et al. 2015) . This location also seems to be in agreement with prediction that FEF is located approximately 4mm rostral to area 3b Kaas 1990a, 1990b) and that areas 3a, M1, and premotor areas lie between area 3b and FEF in the marmoset (Collins et al. 2005) . This location also corresponds to sites where microstimulation evoked saccadic eye movements in anesthetized marmosets (Blum et al. 1982) (Fig. 7, open circles) .
Locations of the Frontal Eye Fields in Marmosets
When we investigated the functional connectivity of the frontal voxel with the largest SC functional connectivity in marmosets, we obtained a functional connectivity map that largely corresponded to cortical areas labeled after retrograde tracer injections in area 8aD (Reser et al. 2013 ). This map shows strong functional connectivity with parietal area PG, LIP, and PF, areas 23a, 23b, 29a-c, anterior parts of area 24bm, 23c, area 8b on the medial wall, and areas 6DC, 6DR, 6Va, 8aV, 46D, 8aD around the seed location (Fig. 4) . The strong overlap between the functional and structural connectivity of area 8aD supports previous findings showing that a large part of functional connectivity is mediated by structural connectivity (Fig. 5) (Vincent et al. 2007; Damoiseaux and Greicius2009; Greicius et al. 2009; Honey et al.2009; Van Den Heuvel et al. 2009 ). Contrary to the present findings, Reser and colleagues (2013) had reported area 8aV as a putative FEF in marmosets based on tracer injection studies. In order to address these conflicting results, we conducted a similar seed analysis targeting area 8aV. The results demonstrated a similar pattern of functional connectivity to that of area 8aD, however, the overall strength of the functional connectivity was lower for area 8aV than 8aD, with a noticeable significant reduction of functional connectivity with the SC ( Supplementary  Fig. 1 ). Considering the prominent role of the SC in the saccadic eye movement circuitry and the extensive amount of projections it receives from the FEF in macaques (Leichnetz et al. 1981; Fries 1984) , we hypothesize that the findings of the present study support the designation of area 8aD, and not 8aV, as a putative FEF in marmoset monkeys. Another possibility is that area 8aV may correspond to the FEF region encoding small amplitude saccades, whereas 8aD may correspond to the area encoding large amplitude saccades. Such an interpretation would be consistent with the finding that only medial FEF (area 8aD), but not lateral FEF (area 8aV) exhibited functional connectivity with the SC in macaque resting-state data (Babapoor-Farrokhran et al. 2013 ). Electrophysiological recording and stimulation studies are required to distinguish the roles of areas 8aD and 8aV in saccade control in marmosets.
Functional Connectivity of the Frontal Eye Fields
The functional connectivity of the macaque FEF confirms data from a previous study in which we compared functional connectivity of FEF (area 8aD) between macaques and humans revealing a similar organization between the species ). Our present study extends this finding to the New World common marmoset in addition to other New World species studies before (Huerta et al. 1986 (Huerta et al. ,1987 . All three primate species show a clear frontoparietal network after seeding the (putative) FEF, with functional connectivity in the anterior cingulate cortex/pre-supplementary motor cortex, posterior cingulate cortex/precuneus, posterior parietal cortex, and prefrontal cortex (46 in marmosets, 9/46 and 46 in macaques, and 46 and 9/46 in humans (Fig. 5) .
Hubs
Hub regions have been suggested to facilitate the coexistence of integration and segregation of brain function ) while also serving to minimize wiring and metabolic costs (Bassett and Bullmore 2006) . The evaluation of hubs in humans using functional imaging and diffusion tract tracing techniques has converged on regions throughout heteromodal areas of association cortex including the PCC, medial and lateral PFC, lateral parietal cortex, and middle temporal cortexregions assigned to the default-mode network (Hagmann et al. 2008; Buckner et al. 2009 ). Hubs in the macaque derived from the CoCoMac database (Stephan et al. 2001 ) of post-mortem tract tracing studies Shen et al. 2012) or resting-state analysis (Shen et al. 2012) have suggested a slightly different pattern that encompasses similar PCC/Rsp, lateral parietal, temporal, and lateral PFC regions, but also areas V4, FEF, and MT that appears to reflect a combination of both default and attention network regions (Miranda-Dominguez et al. 2014) .
A recent study exploring hub regions in the marmoset applying a local functional connectivity density metric in awake animals (Belcher et al. 2016 ) implicated visual regions (V1, V2, V6), posterior parietal cortex, posterior and anterior cingulate cortices, as well as subcortical regions (thalamus and striatum). While our measurement of BC does suggest high connectedness of some midline cingulate regions, the highest values fell within frontal area 8aD, parietal cortex (PG), and temporal cortex (TPO, TE2, TE3) (Fig. 9) . The pattern of centrally connected regions tightly overlap with the frontoparietal network pattern revealed when examining the connectivity patterns of the FEF or SC and suggests that these brain areas, and by extension the network, make up the functional core of the marmoset brain. The location of the distributed frontoparietal network nodes within association cortex and the absence of DMN and control network homologues suggests that this core network may be the evolutionary precursor to the multiple association networks that are present in both macaques and humans, the latter possessing an additional level of specialization through the lateralization of connectivity patterns. Over the 40 million years since the divergence of New and Old world primates, adjacent regions may have become functionally segregated and specialized, building on the neural circuitry responsible for the control of eye, body, and attentional processes to facilitate and regulate higher order cognitive processes such as introspection and switching between internal and external awareness. While the spatial abuting of functional nodes across higher order networks across the cortical sheet (Vincent et al. 2007; Power et al. 2011; Yeo et al. 2011) does support the notion of a common origin from the phylogentically old frontoparietal system, more evidence is needed including task-based functional imaging studies of the marmoset to determine whether cognitive processing requirements that are typically split in macaques and human converge within the nodes of this possible multi-modal network of the marmoset.
Conclusion
Our findings demonstrate strong similarities in the organization of RSNs between marmosets, macaques, and humans. The results also support the existence of a largely evolutionarily preserved frontoparietal saccade network in Old and New World primates, and provide a solid foundation for guiding invasive neurophysiological studies of the saccade system in marmosets that can take advantage of their lissencephalic cortex. Such tangible investigations will not only further validate the functional connectivity findings of the present study, but also contribute to our understanding of this network across primate species.
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